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Abstract. - The effect of hydrostatic pressure on the superconductivity in LiFeAs is investigated
up to 1.8 GPa. The superconducting transition temperature, Tc, decreases linearly with pressure
at a rate of 1.5 K/GPa. The negative pressure coefficient of Tc and the high ambient pressure Tc
indicate that LiFeAs is the high-pressure analogue of the isoelectronic SrFe2As2 and BaFe2As2.
Introduction. – The discovery of superconductiv-
ity in quaternary rare-earth transition-metal oxypnictides,
R(O,F)FeAs (R=rare earth), with critical temperatures
up to 55 K [1–6] has stimulated extensive research and
discussions about the nature of superconductivity in these
compounds and possible similarities to the high-Tc cop-
per oxide superconductors. The layered structure and the
doping-induced (F replacing O) superconductivity as well
as the existence of a magnetically ordered phase in the un-
doped (non-superconducting) parent compounds indeed
point toward similarities of pnictide and cuprate super-
conductors. While the Fe and As form a rigid metallic
layer with both atoms covalently bonded, the intermedi-
ate R(O,F) layer provides control of charges depending
on the doping level. In the undoped ROFeAs (also de-
noted as ”1111” compound) the formal charge per FeAs
is -1 (R3+O2−Fe2+As3−), it is metallic and shows a struc-
tural and a spin density wave transition at lower temper-
atures [7].
The active FeAs layer is structurally rigid and it can be
chemically and structurally combined with other, oxygen-
free charge reservoir layers. For example, The RO layer
in ROFeAs can be replaced by a single plane of alkaline
earth atoms (Ae = Ca, Sr, Ba) forming the ”122” struc-
ture, AeFe2As2. The formal valence of Ae
2+[(FeAs)1−]2
indicates that the charge in the FeAs layer is the same
as in ROFeAs, namely -1 per FeAs pair. The physical
properties of AeFe2As2 are similar to the ”1111” com-
pounds, in that they exhibit a simultaneous spin density
wave and a structural transition at a given temperature,
for example TS=205 K in SrFe2As2 [8–10]. Doping with
K or Cs, replacing the Ae ion results in the appearance of
superconductivity above a critical concentration of alkali
metals [11–13]. It is interesting to note that even with
the complete substitution with K or Cs, the ternary com-
pounds KFe2As2 and CsFe2As2 are still superconducting,
albeit with low Tc’s below 4 K.
Extending the series of ternary alkali metal FeAs-
compounds to smaller ionic radius it was shown that the
”122” structure becomes unstable and LiFeAs formed with
a ”111” composition with an unexpectedly high Tc=18
K [14–16]. The structure of LiFeAs is the unfilled ver-
sion of the ”1111” structure of the ternary ROFeAs. The
formal charge balance, Li1+Fe2+As3−, leaves an average
charge of -1 per FeAs pair, similar to the undoped, non-
superconducting ”1111” and ”122” compounds. Consid-
ering that the undoped ”1111” and ”122” compounds and
LiFeAs have the same charge density in the FeAs layers,
the existence of superconductivity in LiFeAs and the ab-
sence of any magnetic order [17] appears puzzling and
warrants further investigations. It has been shown re-
cently that the application of external pressure and its
effect on the superconducting Tc provides important in-
formation about the superconducting state of the FeAs-
based compounds [18]. Furthermore pressure can even in-
duce superconductivity in the undoped ”122” compounds,
AeFe2As2 [19–21]. We therefore investigated the pres-
sure dependence of Tc of LiFeAs and found that Tc(p)
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Fig. 1: Normalized inductance of LiFeAs at different pressures.
decreases linearly with pressure at a rate of 1.5 K/GPa.
Experimental. – Polycrystalline ceramic samples of
LiFeAs were synthesized as described earlier [15]. At am-
bient pressure the samples show a bulk superconducting
transition at 18 K. The ac magnetic susceptibility was
measured under pressure through an inductance trans-
former. A dual coil system was wrapped directly around
the sample and the mutual inductance was measured using
the low-frequency (19 Hz) LR700 Inductance Bridge (Lin-
ear Research). A beryllium copper clamp cell was used
to generate pressure up to 1.8 GPa. A 1:1 mixture of liq-
uid Fluorinert FC70 and FC77 was used as the pressure
transmitting medium. The pressure was determined in
situ through the superconducting transition of high-purity
lead exposed to the same pressure next to the sample [22].
Results and Discussion. – The mutual inductance
as measured for LiFeAs, at different pressures, is shown
in Fig. 1. The data are normalized for better clarity so
that the inductance varies between 0 (low T limit) and 1
(at 25 K). The diamagnetic drop of the inductance below
18 K clearly marks the superconducting transition. The
relative sharpness of the transition indicates the high qual-
ity and phase uniformity of the sample. The inductance
curves shift nearly parallel to lower T with increasing pres-
sure. After applying the highest pressure of this experi-
ment (1.76 GPa) pressure was released to verify that the
compound is stable under the applied pressure. The data
numbered ”5” and ”6” in Fig. 2 have been measured in a
second pressure cycle and they fit perfectly with the first
pressure cycle. The Tc of LiFeAs decreases linearly with
pressure at a rate of 1.56 K/GPa, as shown in Fig. 2.
The negative and linear pressure shift of Tc has to be
compared with the results of other FeAs-based supercon-
ductors. We have recently shown that the sign of the
pressure coefficient of Tc depends on the doping state in
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Fig. 2: Pressure shift of Tc of LiFeAs. The numbers next to the
data points indicate the sequence of experiments conducted.
FeAs superconductors [23]. This result was supported by a
systematic investigation of the pressure effect in the phase
diagram of the hole-doped KxSr1−xFe2As2 [18]. A linear
decrease was only observed in the overdoped compound
K0.7Sr0.3Fe2As2 with a large relative pressure coefficient
dlnTc/dp=-0.18 GPa
−1 comparable with dlnTc/dp=-0.09
GPa−1 for LiFeAs. However, it is not conceivable to as-
sume that LiFeAs is in an overdoped state since the charge
count of -1 per FeAs would rather locate it closer to the
undoped FeAs compounds. This also raises the question
why LiFeAs is superconducting at all, even at ambient
pressure.
The Li ion is the smallest ion in the alkali metal series
which results in a significant compression of the LiFeAs
structure as compared with the rare earth ”1111” or the
alkaline earth ”122” compounds. Some structural param-
eters of different compounds are listed in Table 1. Among
all FeAs based compounds LiFeAs has one of the smallest
set of lattice parameters and volume (only CaFe2As2 has a
smaller volume, but the c/a ratio is significantly different
from that of LiFeAs). Therefore, LiFeAs can be considered
as a compressed structure where the chemical pressure is
due to the small ionic radius of Li. It appears conceivable
to compare LiFeAs with other (undoped) FeAs compounds
under high pressure conditions. CaFe2As2, SrFe2As2 and
BaFe2As2 have been found superconducting above a criti-
cal pressure of 0.23, 2.7 and 2.5 GPa, respectively [19,21].
It is interesting that the superconductivity in these ”122”
compounds arises quickly above the critical pressure but
Tc decreases continuously with further increasing p. We
therefore propose that, at ambient pressure, LiFeAs is in a
chemically compressed state that is equivalent to the high-
pressure state of the undoped ”122” compounds above
their critical pressure. The negative dTc/dp of LiFeAs
would be consistent with this conclusion and it indicates
p-2
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Table 1: Comparison of structural parameters of LiFeAs with
typical ”122” and ”1111” compounds.
a [A˚] c∗ [A˚] V∗ [A˚
3
]
LiFeAs [15] 3.7914 6.364 91.48
SrFe2As2 [11] 3.9261 6.138 95.38
KFe2As2 [11] 3.8414 6.919 102.10
LaOFeAs [7] 4.0301 8.737 141.90
∗ For the ”122” compounds c and V are divided by a factor
of 2 for a better comparison with the ”111” and ”1111”
compounds.
that the Tc of LiFeAs could be enhanced by a negative
pressure (or tensile strain). Tensile strain can be achieved
by thin film deposition on a substrate with an appropriate
lattice mismatch.
The above conclusion is further supported by the miss-
ing spin density wave state in LiFeAs. While all undoped
”122” and ”1111” compounds exhibit the SDW transition
at TS it was also shown that external physical pressure
results in a decrease of TS and a suppression of the SDW
state [18, 20, 23, 24]. Because of the already compressed
structure of LiFeAs the SDW phase is completely absent
at ambient pressure. This can also explain the relatively
high superconducting Tc despite the fact that the charge
balance of -1 per FeAs is typical for non-superconducting
FeAs compounds.
Summary and Conclusions. – The high ambient
pressure superconducting Tc, the negative pressure coeffi-
cient dTc/dp, and the missing spin density wave phase in
LiFeAs are explained by a chemical pressure effect com-
pressing the lattice significantly even at zero physical pres-
sure. LiFeAs is the high-pressure analogue of the undoped
FeAs-based compounds. The current high-pressure data
suggest that higher Tc’s can be achieved if LiFeAs is de-
posited as thin film on a substrate that generates a tensile
strain.
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